If the effective mean is defined as
then the ratio of the effective mean strengths depends only on the specimen volume and the Weibull modulus: that is,
As the Weibull modulus of a particular material increases, the ratio of the effective mean strengths approaches unity.
In this situation the material exhibits no size effect (even though the distribution of failure strength may be represented by a Weibull probability density function).
From a practical standpoint, doubling the specimen size of a material whose Weihull modulus is =15 would yield less than a 5 percent difference in the effective mean failure strengths of the two populations.
We expect an elevated Weibull modulus to be associated with the strength of CMC materials in the fiber direction.
Reports of an apparent lack of size effect associated with the strength in the fiber direction (see DiCarlo, 1989 ) could easily be an artifact of an increasing shape parameter (or small sample size}.
However, at this time there is an insufficient quantity of CMC failure data from which to estimate the Weibull parameters.
In general, the weakest-link theory allows for diminishing size effects as the Weibull modulus increases.
RELIABILITY MODEL
The ongoing metamorphosis of ceramic material systems and the Lack of standardized design data has in the past tended to minimize the emphasis on modeling.
Many structural components fabricated from ceramic materials were designed by "trial and error," since emphasis was placed on demonstrating feasibility rather than on fully understanding the processes controlling behavior, {This is understandable during periods of rapid improvements in material properties for any system.)
In predicting failure behavior, there is a philosophical division that separates analytical schools of thought into microstrucrural methods {usually based on principles of fracture mechanics) and phenomenological methods. Ruggles (1990) point out that analysts from the first school would design the material assuming that the constituents are distinct structural components and would consider the composite ply (or lamina) a structure in its own right.
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Analysts from the latter school of thought would design with the material (i.e., they would analyze structural components fabricated from the material}.
Rigorous fracture mechanics criteria have been proposed (e.g., 8udiansky et at., 1986; and Marshall et al,, 1985} that adopt the microstructural viewpoint, but since they are all deterministic criteria, they will not be considered here.
Fracture mechanics has been combined with a probabilistic Weibull analysis of failure location to determine the stress-strain behavior and subsequent work of fracture for unidirectional composites {e.g., Thouless and Evans, 1988; and Sutcu, 1989) . However, the focus here is first matrix cracking, and we note that mature reliability-based design methods using fracture mechanics concepts will not surface until a coherent mixed-mode fracture criterion has been proposed.
The aforementioned second school of thought represents the ply (or lamina} as a homogenized material with strength properties that are determined from a number of well-planned phenomenological experiments. The authors currently embrace this philosophy, and there are practical reasons for initially adopting this viewpoint.
We fully recognize that the failure characteristics of these composites are controlled by a number of local phenomena including matrix cracking, debonding and slipping between matrix and fibers, and fiber breakage, all of which strongly interact.
Understanding the underlying analytical concepts associated with the microstructural viewpoint allows one to gain insight and intuition prior to constructing multiaxial failure theories that in some respect reflect the local behavior. Tensile failure in the fiber direction is dependent on these local mechanisms, and the future intent is to extend reliability methods to the constituent level in a rational and practical manner.
However, a top-down approach, that is first proposing design models at the ply level, will establish viable and working design protocols.
Initially adopting the bottom-up approach allows for the possibility of becoming mired in detail (experimental and analytical) when multiaxial reliability analyses are conducted at the constituent level.
There is a great deal of intrinsic variability in the strength of each brittle constituent of a ceramic matrix composite, but depending on the composite system. the transverse matrix cracking strength may either be deterministic or probabilistic.
Statistical models are a necessity for those composite systems which exhibit any scatter in the initiation of first matrix cracking. We treat it in a probabilistic fashion, requiring that deterministic strength be a limiting case that is readily obtainable from the proposed reliability model. Predicting the reduction in reliability due to loads in the fiber direction addresses an upper bound for ply reliability in a structural design problem.
Conversely, a tensile load applied transverse to the fiber direction results in failure behavior similar to a monolithic ceramic, which corresponds to the lower bound of ply reliability.
Thus multiaxiaL design methods must be capable of pre(icting.these two bounds as well as account for the reduction in reliability due to an in-plane shear stress, and compressive stresses in the fiber direction and transverse to the fiber direction.
A number of macroscopic theories exist that treat unidirectional composites as homogenized, anisotropic materials.
These methods use phenomenologicaL strength data directly without hypothesizing specific crack shapes or distributions.
Theories Usually a failure criterion is adapted from existing polymer matrix design technologies.
The probability that the criterion has been violated for a given stress state is computed using Monte Carlo methods (de Roo and Paluch, 1985) Stephen F. Duffy, Joseph L. Palko, and John P. Gyekenyesi g.
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Abstract
For laminated ceramic matrix composite (CMC) materials to realize their full potential in aerospace applications, design methods and protocols are a necessity. This paper focuses on the time-independent failure response of these materials and presents a reliability analysis associated with the initiation of matrix cracking. It highlights a public domain computer algorithm that Gas been coupled with the laminate analysis of a finite element code and which serves as a design aid to analyze structural components made from laminated CMC materials. Issues relevant to the effect of the size of the component are discussed, and a parameter estimation procedure is presented.
The estimation procedure allows three parameters to be calculated from a failure population that has an underlying Weibull distribution. 
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